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DescrlpUon 

TECHNICAL FIELD 

The present invention f elates to 8 taroet to be used for tormlng a transparent thin oxidef ilm having a high refractive 
index by direct current (DQ sputtering, and a process for Hs production, and a method tor tormkig a film having a high 
retractive index by using such a target. 

BACKGROUND ART 

Optical applicatons of thin oxide films start from single layer type heat reflecting glasses and antireflection films 
and extend to various fields including, tor exanple. multi-layer type antireflection coatings, reflection enhancing coat- 
ings Interlterence filters and poteriiing films, which are designed to penmll Ughts having certain specific wavelengths to 
reflect or pass aeleclively therethrough. Further, a etudy has been made to insert a transparent electroconductive f Hm 
or a film of e.g. metal or eleclroconductive ceramics having vartous functions such as electroconctoclivlty and heat 
reflection properties as a part of a multi4ayer f am to obtain a multi-layer film having a function such as an antistatic heat 
reflecting or electromagnetic wave shiekfing furwtion larovided. 

The Bpectral characteristics of a multi-layer film are optically designed by using refractive Indexas n and thlck- 
neeses of the respective layers, as parameters, and it is common to employ a combination of a high refractive index film 
and a low refractive index fim. To realize excellent optical properties, the larger the difference in the refractive index 
between the high refractive Index film and the low refractive Mex fim. the better. As such a high refractive index film, 
titanium di<»dde (n-2.4) cerium dioxide (n«2 .3), zirconium dioxide {n-2.2). niobium pentoxide {n-2.1). tantalum pentox- 
ide (n=2.1) or tungsten trioxide (n=:2.0) is, for example, known. Further, as a low refractive index film, silicon dioxide 
(nssi .46) or magnesium fluoride (n=1 .38) is. tor example, known. 

Such films can be tormed, tor example, by a vacuum vapor deposition method or a coating method. However, by 
such a film torming method, it Is difficult to tomi a unHbrm film over a substrate having a large area, and when a eU> 
strata having a large area, such as a glass for buikfinga or automobiles. CRT. or a flat display, is required, sputtering Is 
used in many cases. Among various sputtering methods. DC sputtering utilizing direct current discharge Is most suita- 
ble tor forming a film over a large area. 

When a high refractive index fim is to be tormed by DC sputtering. It is common at present to employ so-called 
reactive sputtering wherein a metallic target having electroconductlvlty is subjected to sputtering In an atmosphere con- 
taining oxygen. However, there has been a problem that the film-forming speed of a thinfflm obtainable by this method 
is very stow^ whereby the productivity is poor, and the cost tends to be hi^. 

To solve such a problem, it has been proposed to use an ooude ceramic (sintered body) as a target. However, oxMe 
ceramic usually has no dectroconductivity. whereby DC sputtering has been dff toult. 

Further, recently, a sputtering target is required to have a conplBx shape, and a highly eff feiem planer target having 
the target thickness partially changed, is required. By a method tor obtaining a sintered body by a common sintering 
method, it is difficult to produce a target having a complex structure or vartous shapes, and euch a target is prepared 
by a lorHJ process including steps of mixing starting materials, sintering, processing and bonding, whereby eubetantlal 

jigs are required for its production. 

In sputtering over a glass sheet with a large area for buBdings. the f ilm-torming speed ts inaeased by applying a 
high power ftor sputtering to increase the productivity, wherstv cooling of the target tends to limit thef iln^fdrming speed, 
and further troubles such as cracking of the target, peeling, etc, are likely to occur. 

A new magnetron type rotary cathode is known wherein such drawbacks have been overcome (JP-A-58-500174). 
This is of a type wherein a magnetic field generating means is provWed Inside off a cyllndrteal target and eputtering is 
carried out whie rotating the target and cooling the target from inskie. By the use of such a cylindrical target a large 
power per unit area can be applied as compared with a planer type target, whereby film formatkm at a high speed is 

said to be possible. . j j_ 

Preparation of a target material on a cylindrical target hoWer has heretofore been commonly carried out when the 
target material is a metal or alloy. In the case of a metal target, multi-layer f am coatings of e.g. Its oxide, nitride, carbide, 
eto are formed in various sputtering atmospheres. However, it has had drawbacks that the coating films are lively to be 
damaged by different types of atmospheres, whereby films having desired compositions can hardly be obtainable, and. 
in a case ol a low melting metal target, the target is litely to undergo melting when the power applied is eaessive. 
Under these circumstances, a ceramic target material has been desired. A method has been proposed in which a 
ceramic sintered body is tormed into a cylindrical shape and bonded to a substrate by means of indium metal. However, 
the method is difficult and costly , 

JP-A-60-1 81270 proposes a process for producing a ceramic sputtering target by spraying. However, tne proceea 
has had problems that the sprayed coating can not be made suffiderttly thick, as ths cfifference In thermal ttqunsion 
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between the ceramics and the substrate metal is large, anti the adhesion tends to deteriorate by thermal shock during 
H8 uae, thua leading to peeiing. 

jP-A-62-161945 proposes a process for producing a non-electroconductiv<e ceramic sputtering target made of var- 
ious oxides by wwater plasma spraying. This target is a target for radio frequency (RF) sputtering, and the target itself is 
6 an insulating material. Further, this target has had drawbacks that unless some measures such an undercoating is 
taken, it is likely to undergo cracWng or peeling as the temperature rises during sputtering, whereby fibn tomfiatk>n under 
a staliilized condition tends to be diif icult. Further, there has been a drawback such that the film forming speed Is very 
slow. 

It is an object of the present invention to provide an electroccnductive sputtering target which can be formed Into 
10 any desred shape and wh«h is capable of formlr^j a high refractive index film at a high speed by DC sputtering, a proc- 
ess for its production, and a method for forming a high refractive index film using such a target. 

DISCLOSURE OF THE INVENTION 

IS The present irvention provides a sputter ing target comprising a substrate and a target material fornied on the sub- 
strate, wherein the target material comprises a metal oxide of the chemical fbmiula MO^ as the main conrponenl, 
wherein MO, is a metal oxkJe which is deficient in oxygen as compared with the stoichiometric composition, and M t$ 
at least one metal selected from the group consisting of Tl, Nb, "ft, Mo, W, Zr and Hf. 

The target of the present invention has eledroconductivity and thus m useful for DC sputtering, whereby a uniform. 
go transparent high refractive index film can be formed at a high speed over a large area. The target of the present Inven- 
tion is useful also for RF sputtering. 

In a case where M In MOx of the target of the present invention is Nb and/or Ta, x is preferably wHhm a range of 
2<x<2.5. This means that if x is 2.5, the target is electricallylnsulatingrBsIt is in a completely oxidized state, whereby 
DC sputtering is not feasible, such been undesirable. On the other hand. If x is 2 or lower, such an oxfoe is chemfcally 
26 instable and, as such, is not desirable as a target, vwien NbOx is used, a high film-forming speed can be realized, and 
when TaOx Is used, It is possWeto form a film having a high conroslon resistance and high scratch resistance 

For the same reason as menttoned above, when M in MO^ of the target of the present invention is Mo and/or W, x 
is preferably within a range of 2<x<3. and when M in MOj, in the target of the present inventk)n is at least one metal 
selected from Ihe group consistinQ of Ti, 2r and Hf. x is preferably within a range of 1<x<2. Especially when TiO, is 
30 used, it is possible to realize formation of a film having a very high refractive index. 

The target of the present invention has electrical conductivi^ and thus is useful for film formation by means of DC 
sputtering, whereby a uniform, transparent high refractive index f am can be formed at a high speed over a large area. 
The resistivity at room tenperalure of the target of the present invention is preferably at most 1 0 Ocm, more preferably 
at most 1 ncm. so that discharge durrig sputtering can be canried out under a stabilized condition. If the resistivity 
35 exceeds 1 0 ncm, discharge tends to be hardly stabilized. 

For the target of the present invention, a composite oxide hAO^ emptoying two or more metaJs M, may be used so 
that the target wili have the above mentioned characteristfoe simultaneously. 

With the target of the present invention, the properties of the iMm such as the refractive index, and mechanical and 
chemical properties, can be changed while maintaining the high epeed film formation, by adding an oxkie of a metal 
40 other than metal M in MOx. a* additive. As such a metal oxkf e, an oxide of at least one metal selected from th e group 
consisting of Cr. Ce, Y. Si, Al and B. may be mentioned. For example. Cr is capable of Imparting coirosion resistance, 
and Ce is capable of imparting ultraviolet ray^shielding properties. 

The target of the present invention can be prepared, for example, as follows. 

In a case of a NbO^ target, a NbgOg powder is subjected to hot-pressing (high tenperature and high pressure 
46 pressing) for sintering to obtain a target of the present invention. In such a case, the particle size of the powder is pref- 
erably from 0-05 to 40 yttn. It is important that the atmosphere for the hotiaressing is a non-oxidizing atmosphere, and 
it is preferred to use argon or nitrogen, since it is thereby easy to adjust the oxygen content in the target. It is also pos- 
sible to add hydfogen. The hot-pressing conditions are not particularly imited. but the temperature Is preferably from 
800 to 1 ,400«Cw and the pressure is preferably from 50 to 1 00 Uq/co^. 
GO The present Invention also provides a process tor producing a sputtering target, which conprises forming an under- 
coat made off a metal or alloy on a substrate, and forming a ceramic layer as a target material on tiie undercoat, wherein 
the ceramic layer as a target material (hereinafter referred to simply as the ceramic layer) is formed by plasma spraying 
wherein a ceramic powder for spraying (hereinafter referred to simply as the ceramic powder) virhich is made In a semi- 
molten state in a high temperature plasma gas In a reducing atmosphere, is transported and deposited onto the under- 
55 coat by the plasn^ gas. and. as the target material, a target material comprising a metal oxide of the chemical formula 
MO as the main convonent, Is used, wherein MO, Is a metal oxide which is deficient In oxygen as compared with the 
stoichiometrfo conpoeition, and M is at least one metal selected from the group consisting of Ti, Nb, Ta. Mo. W, Zr and 
Hf. 
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In the present invention, the ceramic powder is made in a semi-molt^ elate by means of a plasma spraying appa- 
ratLS and deposited on a substrate, so that a ceramic layer for a sputtering target is directly fbrmed. 

Accordingly, the process does not require a molding step, a sintering step, a processing step to form a complSK 
structure or shape, or a bonding step. In a case of a complicated conpound ¥»rhich is not readily available in the form of 
6 a ceramic powder, such a compound may be chemically synthesized or may be prepared by using a solid phase reao- 
tlon. TTie ceramic powder may be a pulverized or granulated, and further classified, so that it is adjusted to have a read- 
ily f iowable particle size suitable for spraying. 

The ceramic powder to be used in the present invention can be prepared by the following method. Namely, a TlOg 
powder having an average particle size of at most 1 0 ^m and a powder of a metal oxide other than Ti02 having an aver- 
10 age particle size of at most 10 pm, are weighed in predetermined amounts and mixed In a wet system for at least 3 
hours in a ball mil using a binder such as polyvinyl alcohol (P VA) and water as a dispersing medium, to obtain a slurry, 
which is then dried by a spray drier to obtain a powder having a particle size of firom 10 lo 100 um. preferably from 20 
to 100 |im. 

In another method, ethanol is used as the above mentioned dispersing medium, and a NbsOs powder and a TiQ^ 
IS powder are mixed together with ethanol in a wet system for at least one hour t)y means of a ball mill in the same manner 
as descrtoed above, and the mixture is dried by an evaporator and then calcined in an inert atmosphere at a ternpera- 
ture of from 1 .000 to 1,200'*C. followwed by classification to obtain a powder having a particle size of from 10 to 100 iim. 
preferably from 20 Id 100 |im. The composition of this powder is reduced by calcination, but Is further reduced during 
the subsequent plasma spraying in a reducing atmosphere. 
20 If the particle size exceeds 100 |im, such a ceramic powder tends to be hardly made in a semi-molten state in a 
Wgh temperature plasma gas, and If it Is smaHer than 10 iin^ Budi a powder Is ll«ly to be dispersed In the Wgh tem- 
perature plasma gas and thus tends jobeJwrdh?_d^ 

For the sttostrate. various metals or alloys, such as stainless steel, copper or titanium, may be used7 Prior to the 
plasma spraying of a ceramic powder for the target material, ft is prelen'ed to roughen the surtace of the siixtrate. for 
26 example, by sand blasting by means of abrasive grains made of AI2O3 or 8iC in order to improve the adhesion. Other- 
wise, It is also prefenred to process tuch a substrate surface to form a V-groove, followed by sand blasting kiy means of 
abrasive grains made of A^Og or SiC. in order to improve the adheeion. 

After roughening the substrate surface, an undercoat made of a metal or alloy may be formed in order to reduce 
the difference in the thermal expansion between the target material to be sprayed and the substrate and to inprovB the 
30 adhesion so as to Ise durable against peeling by mechanical and thermal inf)acta 

As such an undercoat, a layer (hereinafter referred to as layer A) having a thermal expansion coerfldent intermedi- 
ate between the sut>strate and the target material, and/or a layer (hereinafter referred to as l^er B} having a thermal 
expansion coeHicient dose to the target material, may be used. It is particularly effective to form both layers to have a 
structure of the substrate/layer A/layer B/ceramic layer It e preferred to fom the undercoat also by plasma ^)raying. 
36 Even when the undercoat is made solely by layer A or layer B. the adhesive force of the ceramic layer to the sU>- 
strate can be improved, since the metal or alloy is not brittle and has high elasticity. The thermal expansion coefficient 
of layer B is most suitably within a range of ±2x10'*/'C of the thenmal expansion coefficient of the ceramic layer. 

As the material fbr the undercoat, an eiectroconductive powder of e.g. Mo, Ti, Ni. Nb. Ta, W, isi-AI, Ni-Cr, Ni-Cr-AI, 
Ni-Cr-AI-Y or Ni-Co-Cr-AI-Y may be employed. The thickness of the undercoat is preferably from 30 to 1 00 pm. 
40 K is necessary to change the material for the undercoat depending upon the thernwl expansion coefficieni of the 
ceramic layer. The thermal expansion coefficient of e.g. copper or stainless steel whidi is usefii as a sitetrete, is from 
17x10*^ to ISxIO'Vc, and the thermal expansion coefficient of titanium is B-SxIC^rC. 

For example, fbr the ceramic layer (the thermal expansion coefficient 6x10 ® to 9x10'*/*C) In the present inventionp 
the prefened thermal expansion co^icient of the undercoat layer A is from 12x10** to 1 5x lO'^fC, and as such a mate- 
46 rial. NI, Ni-AI. Ni-Cr. Ni-Cf-AI, Ni-Cr-AI-Y or Ni-Co-Cr-Ai-Y. may. for example, be mentioned. 

Further, the preferred thermal expansion coeffident of the undercoat layer B is from 4x10^ to 1 1 xlO^AC. and as 
such a material. Mo. Nb. Ta, W or Ti, may, for example^ be mentioned. 

Further, the adhesion can be further improved by providing an undercoat layer having the compositton graduaUy 
changed from a material having a thermal expansion coefficient dose to the target material to a material having a ther- 
60 mal expansion coefflderrt dose to the substrate, selected among such undercoat materials. Further, when the substrata 
is made of tHanium, the undercoat may be made solely ol l^er B, einoe Ihe thermal expansion coeffident Is close 
thereto. 

On such an undercoat, a ceramic powder which is made in a semi-nrK)lten state in a high tenperature plasma gas, 
preferably a high tenperature plasma gas such as Ar or Ar+Hg. in a reducing atmosphere, is transported and deposited 
55 onto the undercoat by such a gas. to fbrm a ceramic layer which serves as a target material- In this manner, the oxide 
ceramic powder is reduced, and a ceramic layer comprising MOx as the main component is obtained. 

By ibrming the undercoat, tlie <fifference in thermal expansion between the ceramic layer and the substrate can be 
reduced, whereby a ceramic layer which is free from peeling even with a thichness as thick as from 2 to 10 mm, can be 



4 



EP0852 2G6A1 



formed. 

Also at the time of forming the undercoat, it Is preferred to form it by plasma spraying in a high temperature plasma 
gas preferably in a high temperature plasma gas in a reducing atmosphere, for the san>e reason as descrtoed above. 
Further, as the plasma spraying method, water plasma spraying is more effective. This water plasma sprayirxj is a 
6 method wherein a high pressure water stream supplied to a torch firstly terms a cylindrical eddy current at the cylindrical 
section and in this state, a voltage is applied between a carbon cathode and an Iron rotary anode to let direct cunent 
arcs form to «/aporate and reconpose water at the inner surface of the eddy current to form a plasma state thereby to 
generate plasma arcs continuously, and such plasma arcs are constricted by the revolving cylindrical water current to 
Increase the energy density and eject a stabilized high temperature high speed plasma Jet flame from a nozzle by rapid 
10 thermal expansion of the plasma. This spraying method provides a high energy density as compared with a gas plasma 
density, and a large amount of the starting material powder can thereby be sprayed all at once, whereby the target form- 
ing spaed is high, and the econonr^ical efliclency is high. Further, it is thereby possible to reacSly form a thick film. 

However, as compared with plasma spraying by a reducing gas. the reducing power Is weak. Therefore, to obtain 
a state of MO^- « better to employ a material which is reduced at the stage of the starting material powder. 
15 The present invention further provides a method ftor forming a high refractive index film emptoying the above 

desaibed target. ^ . ^ , 

A uniform transparent film can be fbnned at a high speed, when sputtering is carried out by using the target of the 
present Invention in an argon atmosphere or m a mixed atmosphere of argon and small amount of Og under a pressure 
of from 1x10*^ to 1x10'^ Torr. In a case where a metal target is employed, a hysteresis phenomenon occurs which is a 

zo non-continuous change in the film fomiing speed or the discharge cunrent or voltage due to change of the oxygen partial 
pressure. However, when the target of the present Invention Is employed, such a hyateresle phenomenon wll not occur, 
and control of the film forming speed during the film formation will be very easy. 

When a metal target is usebWforminganietar©^^ 
abruptiy and non-continuously in a hysteresis fashion due to a change of the oxygen gas partial pressure before or after 

26 the change from an absorbing f Urn to a transparent film having the stolchiomelrical composition, or belbre or after the 
change from a transparent film to an absorbing film. Accordingly, to obtain a transparent film conetanfly, it Is necessary 
to introduce oxygen gas substantially excessively relative to the metal atome. 

Whereas, the target of the present invention is composed of an oxide, and is slightiy deficient in oxygen as com- 
pared with the stoichiometric composition. Accordingly, film formation of a transparent metal oxide film can be can-ied 

30 out sknply by supplementing the oxygen sightly defloent as compared with the stoichiometric composition. Besides, 
when the target of the present Inventton is employed, no change iB« tfie above mentioned hysteresis phenomenon wBI 
take place, whereby the amount of the oxygen gas to be supplied can be minimized to the required minlnwm or reduced 
to a level dose to the required minimum. Thus, deposition of excees oxygen atoms on the target surface, which « 
believed to cause deterioration of tfie film fomiing speed, can be reduced, and the film formino epeed can be increased. 

35 When a target is produced by a spraying method as in tiie present invention, the oadde powder is made in a molten 

state and then quenched and solidified so that the sprayed material wHI be laminated on the subslrate. At that time, 
crystal alignment will form in the sprayed material, since there is a difference in ttie crystal growth rale of crystal faces. 
Namely the face at which the surface density is low and ttie growth rate is high, crystallizes quicWy in tiie direction along 
the substrate, and ayetal alignmenl will necessarily form, so that the face at which tiie surface densl^ Is high and tiie 

40 giowtfi rage is low. becomes the sputtering surface. . ^. . . ^ 

On the other hand, it is believed that the higher the surface density, the better the sputlenng efficiency, and tiie 
higher the sputtering speed. Accordingly, this crystal alignment is believed to be one of the factors fa the high film fbnn- 
ing speed by tiie present invention. Further, sputtering speed is believed to be increased l?y nunnerDus defective layers 
formed in or between grains at tt^e time of quenching and solidification, which are susceptible to etching as compared 

46 witii normal tissues. ^ 

Furtiier with a sputtering target thus prepared, thermal conductivity from the ceramic layer to the subslrate and fur- 
ther to tiie cathode electrode, is good, and the ceramic layer Is firmly bonded to the sitetrate. Accordingly, even when 
a hi(*i sputtering power is applied to increase the film forming speed, cooling can sufficiently be earned oirt. and peeling 
or cracking of tiie ceramic layer due to abrupt heat shock will not take place, and a large electric power per unit area 

so can be applied. 

Furtiier, even ¥vhen an erosion zone of the ceramic layer became tiiln. such a zone can readily be regenerated to 
the inftial state by plasma spraying a ceramic powder of the same material to such a portion whwh becamethiri. 
it is easy to provWe a distribution in thickness of the ceramic layer depending upon any desired position, and it is thereby 
possible to control tiie tiiickness distribution of a tiiin film to be formed by providing a temperature distribution or a dis- 
55 tribution in strengtfi Of the magnetic field at tiie target surface. ^ . 

Furtiier. when a cylindrical substrate is employed, the entfre surface will be ttie erosion zone of tiie target, vkrhereby 
tiiere is a merit that the utilization efficiency of the target le high as compared witti tiie planer type 
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BEST MODE FOR CARRYING OUT THE INVErfTION 



EXAMPLE 1 TO 7 

Commercially available Nb2Q5 powder was f tNed in a hot pressing mold made of caibon. and hot pressirHi was car- 
ried out by maintairtng It in an argon atmosphere tor one hour at a temperature within a range of from 1,100*0 to 
1 ,400^C. as identHied in Table 1. At that time, the hoi pressing pressure was 50 kg^cm^. The densHy and the resistivity 
of the sintered product thus obtained as a target material, were measured. 

Then the obtained sintered body was pulverized In an agate mortar and then heated at 1 lOO'C In air, whereby the 
weight increase was measured. Assuming that after such heating in air. the powder became conr^Ietely oxidized 
Nb203. the oxygen content of the sintered body after the hot pressing was calculated from the weight increase. The 
results are shown in Table 1. 



IS 






Ibblel 








Example Na 


Hot pressing temper- 
ature 


Density of the sintered 
txxly (g/cc) 


Resistivity of the sin- 
tered body (Ocm) 


Oxygen content of the 
sintered body (x in 
NbOx) 


20 


1 


1100 


4.00 


0.30 


2.498 


2 


1150 


4.13 
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EXAMPLES 8 T0 11 

The siritered body hot-pressed at 1200"C In Example 3, was mechanically processed to a size of 6 inch in diameter 
and 5 mm in tNckness to obtain a target. The target was used as bonded by a metal bond to a backing plate made of 
copper. 

This target was mounted on a magnetron IDC sputtering apparatus, and film formation of a NI^2Qa *«6 carried 
out. The film fonnation was carried out under such conditions that the applied power was DC IkW, the back pressure 
was 1x10'^ Torr, and the sputtering pressure was 2x10'® Torr. As the guttering gas, a gas having argon and oxygen 
mixed In vark)us oxygen concentration, was used. The proportion of the oxygen gas In the ^puttering gas was from 10 
to 40 volume*. H the oxygen is lower than 1 0 volume%. the f iim will be an absorptive film, and in order to obtain a trans- 
parent film, oxygen was required to be at least 10 volume%. 

As the substrate, a soda lime glass v«s used. No intentional heating was applied to the si4>6trate. The sputtanng 
was can'led out so that the flm thickness would be about 100 nm. During the sputtering, the electrical discharge vwas 
very stable, and film fbrmatfon was carried out under a stable conditton even by DC sputtering. After the flm formation, 
the film thickness Yvas measured by means of a feeler type flm thickness measuring apparatus. Further, the reftradhre 
index of the film was measured by an elBpsometer. The wavelength of light employed at that time, was 633 nm. The flm 
Ibrming speed and the refractive index of the film are shown in Tabie 2. All of the films obtained were transparent and 

showed no light absorption. ^-^ ^ „ u 

As is parent from the results in Table 2 by using the target of the present invention, a transparent WsP5 f nam- 
ing a high refractive index was formed at a hi^ speed. 

COMPARATIVE EXAMPLES 1 TO 3 

As Comparative Example 1 . using a metal titanium target instead of the target of Exanple 8, film formation by sput- 
tering was carried out in the same manner. The proportion of oxygen gas In the sputtering gas was 30 ¥Dlume%. In the 
case of a titanium target, If oxygen Is lower than 30 volume%, the film becomes an absorptfvef llm, and In order to obtain 
a transparent f*n, oxygen was required to be at least 30 volume(%. Accordingly, sputtering was canrled out at an oxygen 
conoentration of 30 volume % which was the oxygen proportion at which a transparent f im could be obtained and the 
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film fbriming epeed was highest 

Further, as Corrparalive Example 2, using a metal niobium target instead of the target of Example 8, film formation 
by 8putterir)g was carried out in the same manner. In the case of metaJ niobium target, the sputtering was carried out 
a1 ar oxygen concentration of 30 volume % for the same reason as mentioned above. 

As Conparative Example 3. using a titanium monoxide (TiO) target (density: 4,90 g/cc. resistivity: 3.0x10*'* Ocm, 
oxygen content: 25.0 wl%). film formation by sputtering was carried out in the same manner. In the case of the TiO tar- 
get, if oxygen is lower than 20%. the film beconws absorptive, and in order to obtain a transparent film, oxygen wbb 
required to be at least 20%. Accordingly, sputtering was carried out by selecting a case of the oxygen proportion of 20% 
at which the film formation speed was Nghest 

As is evident from the results in Table 2. the film forming speeds tor transparent NbgOs and T1O2 in Comparative 
Examples 1 to 3, were inferior as compared with the cases in which targets of the present invention were used. 



Table 2 



16 



Target 



Oxygen content in the 
sputtering gas (vol- 
ume%) 



Film forming epeed 
(nnVmin) 



Refractive index 



20 



Examples 
ExanpleS 
Example 10 
ExampiieU 

Comparative Example 1 
Comparative Example 1 
Comparative Example 1 



NbOx 
NbOx 
NbOx 

NbOx 
Ti 

INft) 
TO 



10 
20 
30 
-40 
30 
30 
20 



85 

70 
40 

^- 



6 

13 
7 



2.3 
2.3 
2.3 

2:3 

2.4 
2.3 
2.4 



SO EXAMPI^S12T015 

To commerdaliy available Nb^Oe powder, an oxide of Cr, Ce. A! or Si was added in a proportion 
{oxide/oxide+NbgOa} as identified in Table 3 and mixed with the Nb205 powder in a ball mil. Such a powder mixture 
was filled into a hot pressing mold made of caibon. and hot pressing was earned out under the same conditions as in 

36 Exanple 3 to obtain a.sintered bocly. With respect to each sintered body, the density and reeietivity were measured in 
the same manner as in Examples 1 to 7. The results are shown In lUble 3. Such a sintered body was tornr>ed into a tar- 
get in the same manner as in Example 8, and film formation by sputtering was carried out, whereby tliefilm forming 
speed was from 30 to 90 nnVhtin, and the refractive index was 2.3. 

Further, a part of each sNered body was subjected to add dissolution or alkali fusion to obtain its aqueous goIi> 

40 tion. and the composition of the sintered body was analyzed by an ICP apparatus wherry it was confirmed that the 
oonpoeition of the charged powder mixture and the composition of the sintered body were substantially in agreement 



Tables 



49 


Example No. 


Additive 


Amount of the additive 
(wt%) 


Density of the sintered 
body (g/cc) 


Resistivity of the sintered 
body (Ocm) 




12 


CrgC^ 


20 


4.52 


0.45 




13 


Ce02 


20 


4.70 


0.30 


so 


14 


AI2O3 


5 


4.42 


0.20 




15 


Sip2 


5 


4.21 


0.20 



55 EXAMPLE 16 

By changing NbOy in Exan^e 3 to TaO^ (x=2.470). the operation was canied out In the same manner as In Exam- 
ples 8 to 11 and Examples 12 to 15. wheretay simlar good results were obtained. 
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Furtfier, by changing TaO, (x-2.470) to MoO, (x-2.950). WO^ (x^2.965). 2fO, (x-1 .995. and 8 mol% of Y2O3 wae 
added) and HfO, {x-1 .995). respectively, the operations were carried out in the same manner, and similar good resute 
were obtained. 

5 Example 17 

High purity T1O2 powder (average part'cle size: at moat 10 ^n1) was mixed in a wet system for 3 hours in a ball mill 
using PVA binder and water as a medium, and the obtained slurry was graitulated by means of a spray drier to obtain 
a ceramic powvder having a particle size of from 20 to 100 ^m. 
10 Using a copper planer having a cfiameter of 6 inches as a target metal holder, the outer surface was roughened by 
sarKi blasting by means of AI2O3 abrasive grains to obtain a roughened surfeca 

Then, an alloy powder of Ni-AI (weight ratio of 8:2) was plasma-sprayed (using a metoko sprayer) under a reducing 
atmosphere to form an undercoat layer A having a thickness of 50 jim. "mis plasma graying under a reducing atmos- 
phere was carried out using Ai^Hg gas as the plasma gas at a flow rata of 42.5 l/min by applying a power of 35 kV at 
IS 700 A Id instantaneously heat the alloy powder of Ni-AI by the Ar-i-Hg gas plasma of from 1 0.000 to 20,000^0 and to 
transport the alloy powder together with the gas onto the target metal holder to let it soKdify thereon. The coating film 
was formed by repeating an operation of moving the plasma spraying gun right and 10ft and up and down. 

Then, using a Tl metal powder, plasma spraying was carried out In ihe same manner as above to form an undercoat 
layer B having a thickness of 50 ^im. Further, using the above mentioned ceramic powder, plasma spraying was carried 
20 out under the same reducing atmosphere to form a ceramic layer having a final thickness of 5 mm. 

The ceramic layer of the obtained target was cut out from the metal substrate, and the density and the resistivity 
were measured. Further, the obtained ceramic layer was pulverized in an agate mortar and heated to 1 lOO^'C in air, 
wheretv the weight inaease was measured. Assuming that after the heating in air, the powder became completely oxi- 
dized TiOg. the oxygen content of the ceramic layer was calculated from the weH^ht increase. The results are shown In 
2S Table 4. 
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Density (g/cc) 


Resistivity (Ocm) 


X in TiOx 


Escample 17 


4.07 


0.33 


1.93 



EXAIMPLE818T021 

36 The target of Example 1 7 was mounted on a magnetron sputtering apparatus, and film formation of a TiQe f Bm was 
carried out by changing the O2 proportion in the sputtering gas as shown in Table 5. As the sputtering gas. Ar or a gas 
mixture of Ar and O2, vras used. The sputtering was carried out under such condtttons that the applied power was DC 
1kW, the back pressure was 1x10'* Torr, and the sputtering pressure was 2x10"^ Torr. As the substrate, a soda lime 
glass was used, and no intenttonal heating was applied to the substrate. The sputtering was carried out so that the film 

40 thickness would be about 100 nm. During the sputtering, the discharge was very stable, and film formatk>n was carried 
out under a stabilized condition even by DC sputtering. 

After the film formation, the refractive index of the film was measured by an etlipsometer (the wavelength of light 
used was 633 nm). The film forming speed and the refractive index of the film are shown in Table 5. Ail of the obtained 
films were fransparent and showed no light absorption. 

46 





Target 


Oxygen propotfon in the 
sputtering gas {%) 


Film-forming speed 

(nm/min) 


Refractive index 


Exarrple 18 


TlOx 


0 


60 


2.4 


Example 19 


■nOx 


10 


30 


2.4 


Exanfple20 


TiOx 


20 


20 


2.4 


Example 21 




30 


10 


2.4 
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EXAMPLES 22 TO 25 

Commercially avaifable high purity Ti02 pcxvder and an oxide powder a8 identified in Table 6 as an additive were 
mixed, so that the amount of the aicMitive was as shown in Table 6. From such a powder, a ceramic powder was pre- 
6 pared in the same manner as in Example 1 7. and plasma spraying was carried out in the same manner as in Exanpf e 
17 to obtain a target having a ceramic layer having a thickness of 5 mm. The density and resistivity of the obtained 
ceramic layer were measured, and results are shown in Table 6. 

A part of the ceramic layer constituting a target material was subjected to add dissofution or atali fusion to obtain 
its aqueous solution, and the composition of the sintered body was analy2ed by an ICP apparatus, whereby it was con- 
10 firmed that the oonf^sosition of the charged powder mixture and the composition of the sintered body were substantially 
in agreement. 

Further, with respect to the obtained target, film formation of T1O2 film was carried out in the same manner as in 
Exarrples 16 to 21 . During the sputtering, the discharge was very stable, and fUm formation was carried out under a 
stabilized condition even by DC sputtering. Thefllnrvtorming epeed arxl the refractive index of the fims were the eanw 
16 as in Examples 18 to 21, and all of the obtained films were transparent and showed no light abeorption. 



Ibblee 



20 


Example No. 


Additive 


Amount of the additive 
(wl%) 


Density of the sintered 
bocly(g/oc) 


Resistivity of the sintered 

body (ncm) 




22 


Cr2Qa 


20 


4.30 


0.G2 




" " 23 


CeOg 


- 20 - 


4.41 


0.61 


26 


24 


AI2O3 


5 


4.09 


0.22 


25 


SPz 


5 


4.01 


0.15 



EXAMPLE 26 

30 

In Example 1 7, instead of using the copper plate having a diameter of 6 Inches as a target metal holder and rough- 
ening its outer surface by sand blasting by means of A1203 abrasive grains to a roughened surface, a copper cylindrical 
target holder having an inner diameter of 50.5 nvn, and outer diameter of 67.5 mm and a ler^h of 406 mm, was 
attached to a lathe, and its outer surface side was threaded and further surtace roughened by sand blasting by means 
36 of AI2O3 abrasive grains to form a roughened surface, and othenwise. in the same manner as in Example 1, a target 
was pr^red. And. in the same manner as in Example 17. the density, the resistivity and the oxygen content ol the 
ceramic layer of the target were measured. The results were the same as In Example 17. 

EXAMPLE 27 

40 

Film formation of a Ti02 was carried out in the same manner as in Example 18 to 21 except that the targets in 
Examples 18 to 21 were used as the target of Example 26. 

During the sputterliig. the discharge was very stable, and film formation was carried out under a stabilized corKStion 
even by DC sputtering. Further, all of the obtained flms were transparent and showed no tight at>6orption. 
46 The filnvfbrming speed and the refractive indexea of the films were the same as in Examples 18 to 21. 

EXAMPLE 28 

A target was prepared in the same manner as In Example 17 except that in Example 17, the obtained ceramics 
60 powder was heat-treated at I.OOO^C in an inert atmosphere to obtain a reduced powder, and the ceramic layer was 
formed t»y water plasnria spraylrHH. The densify and the resistivity of the ceramic layer of the ok^tained target were the 
same as in Example 17. Further, the oxygen content was examined in the same manner as in Example 17 and found 
to be the same as in Exarrple 17. The ceramic layer-fornning time in a case where the ceramic layer of the target was 
5 nvn in thickness, is shown in Table 7 as compared wHh Example 1 7. 

66 
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Table? 





Ceramice layer-forming 
time (hrs) 


Example 17 


2.5 


Example 28 


0.3 
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IMnURTRIAI APPLICABILITY 

By using the sputtering target of the present Invention, a transparent film having a high refractive IrxJex can be 
formed at a high speed by DC sputtering. Further, with the target of the present Invention, the oxygen partial preesure 
15 of the sputtering atmosphere can be reduced, thus providing a merit that abnormal discharge such as arcing can be 

reduced. Accordir^y, by using the target of the present inventioa a film having a high refractive index can be produced I 
at a high speed and under a stabilized condition. 

The target prepared by the process of the present Invention is uniform, highly dense and strong against thermal 
shock. According to the process of the present invention, a target having an optional shape can easily be produced 
20 without requiring conventional shaping, sintering, processing or bonding step. 

Further, with the sputtering target of the present Invention, the target can be regenerated by plasma spraying a ,i 
spraying powder of fresh target material having the same composition to a consumed portion after use, such being eoo- 
liorrvrally advantageous. 

Further, in a case of a Ti type MO,, a photocatalytic function is expected, and a film capable of imparting an anti- 
2s bacterial, antitouling or drip flowing property lo a substrate surface of glass or other than glass such as plastic can be 
formed at a Ngh speed. 

By using the sputtering target of the present invention, the cooling effect during the sputtering is high, whereby even 
if the sputtering power is increased, cracking or breakage of the target will not take place, and f im fonming at a high 
speed can be carried out under a stabilized condition at a low temperature. Thus, the productivity of not only display 
$0 dements or CfTT but also large surface glasses for buikJings or automobiles, can remarkab^ be improved. 

Furttier, even on a substrate made of e.g. plastic which is susceptible to the infkience of radiant heat from the tar- 
get high speed film forming can be carried out without damaging the substrate. 

Claims 

1. A sputtering target comprising a sutKtrate and a target material formed on the substrate, wherein the target mate- 
rial Gonprlses a metal oxUe of the chemical fbrmula MO^ as the main componeni; wherein MO^ is a metal osdde 
which is derk:ient in oxygen as compared with the stoichiometric composition, and M is at least one metal selected 
from the group consisting of Ti, Nb, Ta, Mo, W, Zr and f-lf. 

40 

2. The sputtering target according to Claim 1, wherein in said MOy, M is ivib and/or Ta, and x is within a range of 
2<x^.5. 

3. The sputtering target according to Claim 1 , wherein in saki MO^. M is Mo andtor W. and x is within a range from 
46 2<x^. 

4. The Sputtering target accoidir^ to Claim 1 , wherein in said MO^. M is at least one metal selected form the group 
consisting of Ti. Zr and Hf, and x Is within a range of 1 <x<2. 

60 & The sputtering target according to any one of Claims 1 to 4, wherein the target material has a resistivity of at moat 
1 on cm at room tenperature. 

6. A process k>r producing a sputtering target, which comprises forming an undercoat made of a metal or aloy on a 
substratei, and forming a ceramic layer as a target mat^ial on the undercoat, wherein the ceramic layer as a target 
68 material is tormed by plasnvt spraying wherein a ceramic powder which is made In a seml-nnolten state in a high 
temperature plasma gas In a redudng atmosphere, Is transported and deposited onto the undercoat by the plasma 
gas, and, as the target material, a target material comprising a metal oxkie of the chemical fonnula MO^ aa the 
main component, is used, wherein MO^ is a metal oxkie which is def feient in oxygen as compared with the stoichi- 
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ometric connposition, and M is at least one metal selected from the group consisting of Ti. M>. Ta, Mo. W. Zr and Hf. 

7. The process for producing a sputtering target according to Claim 6i wherein, as the undercoat, a layer having a 
thermal expansion coefficient intermediate between the thermal expansion coefficient of the ceramic layer and the 
thermal expansion coefficient of the substrate, and/or a layer having a themial expansion coefficient close to the 
thermal expansion ooeffident of the ceramic layer, is used. 

8. The process for producing a sputtering target according to Claim S, wherein the plasma spraying is water plasma 
spraying. 

9. The process for producing a sputtering target accoiding to Claim 6, wherein a cylindrical substrate is used as the 
sUxtrata 

1 0. The process for producing a sputtering target according to Qaim 6, wherein a aurf aoe-roughened substrate is used 
as the substrata 

1 1 . A method for forming a Urn having a high refractive index by sputtering, wherain, as a sputtering target the sput- 
tering target as defined in any one of Daims 1 to 5 Is used. 
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